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I. Reduction of Microbial Disseminatton from Humans. 
There is no documented information concerning e i ther  the extent 
of human shedding of Clostridium perfringens or methods for  quantitatdve 
assay of the anaerobic microflora i n  the ambient environment of 
c l o s t r i d i a l  carriers, 
Methods have been developed t o  grow large numbers of Cl, - perfringens 
(Eleventh Summary Report of Progress), The current phase of t h i s  inves- 
t iga t ion  i s  concerned with developing a technique f o r  recovering and 
culturing airborne par t iculates  containing - 61. perfringens, An 
e f f i c i en t  method, including a sa t i s fac tory  culture medium, is  needed t o  
preserve the  viabil i ty and promote the growth of anaerobic organisms 
tha t  have been exposed t o  natural  chemical and physical s t resses  
following shedding. A primary requis i te  f o r  estimating shedding ra tes  
of biological  par t iculates  i s  the use of a semi-solid medium that  will 
provide a sui table  surface fo r  impaction and necessary conditions f o r  
growth. 
u t i l i zed  f o r  culturing - Cl. perfringens from various physicochemical 
There are, a t  present, several  types of agar media being 
s t a t e s  other than the aerial environment. The current experiments were 
designed Lo investigate the suitabil i ty of these various media fo r  
detecting and enumerating airborne par t iculates  containing - C1, perfringens. 
A t o t a l  of seven different  agar bases were screened. These included 
the following general and select ive media: 
a Sul f i t e  -polymixin-sulf adiazine agar (SPS) 
b, Tryptose agar (T) 
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C. Trypticase-soy agar (TSA) 
d. Brain-heart-infusion agar with sodium 
thioglycollate (BHI-I-T) 
e. Trypticase-soy agar with sodium thioglycollate 
( TSA-I-T) 
f. Brain-heart-infusion agar with cysteine hydro- 
chloride (BHJ+C) 
g. Reinforced clostridial agar (RCM) 
The agar plates used for recovery and culturing of clostridial 
particles were prepared in two stages. 
of agar were poured into a standard petri dish and allowed to solidify. 
The plates were checked for sterility, then stored at 4 C until used. 
Airborne particulates containing C1. - perfringens were impacted onto 
the agar surface with a volumetric air sampler. 
been exposed to the airstream then was covered immediately with approx- 
imately 14-16 ml of melted agar of the same type cooled to 50 C. After 
the second layer of agar had solidified, the plates were inverted and 
First, approximately 18-20 m l  
The surface that had 
incubated under anaerobic conditions for 48-72 hours at 37 C. The 
resulting subsurface and surface colonies were then counted. 
In these studies, shed organisms were simulated by nebulizing 
24-hour cultures of - C1. perfringens with a Vaponefrin, all-glass, 
baffled impinger. 
plastic chamber operated under dynamic and static conditions. 
airbor'ne organisms were sampled from approximately 5-6 inches inside 
the chamber through a stainless-steel metal tube 11.5 inches in length 
Clouds were generated in a 2.8 ft x 2.8 ft x 3.2 ft 
The 
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and 1.2 inches in internal diameter with a right-angle bend on a 
radius of about 2 inches. 
the intake cylinder of a TDL sampler operated at 1.0 cfm, 
The air passed directly from the tube into 
The recovery efficiency of' a particular medium was determined 
by comparing the number.of colonies developing in the candidate medium 
to those developing in SPS agar. 
media were exposed simultaneously in identical TDL samplers. Openings 
of the air-intake tubes in the chaniber were separated by approximately 
In a majority of trials, the two 
15 inches. 
passed through the two samplers. 
port was available, which necessitated taking the paired samples 
consecutively; in these latter tiE.ia,lk; the SPS agar and the candidate 
Essentially the same concentration of airborne organisms 
In a few trials, only one air-intake 
medium were alternated in sequence with approximately one minute between 
the termination of the first sample and commencement of the second. 
Either four or eight cubic feet of air were sampled in each trial. 
The results are shown in Table 1. The efficacy of each culture 
medium for supporting growth of C1, - perfringens was compared with that 
on sulfite-polymixin-sufadiazine agar and expressed as a colony-count 
ratio. This factor was calculated by dividing the total colony counts 
on plates of a particular agar medium by the nutnber of colonies developing 
on the corresponding SPS agar plate. Of the six media compared with 
SPS agar, colony counts on tryptose agar, trypticase-soy agar, and 
trypticase-soy agar with sodium thioglycollate were not as bigh as 
counts on the SPS agar. The other three media, brain-heart-infusion 
agar with sodium thioglycollate, brain-heart-infusion agar with cysteine 
- 
hydrochloride, and reinforced clostridial agar yielded counts higher 
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Table 1 
Comparison of Six Media with SPS Agar 
for Recovery of Airborne Clostridium perfringens 
Type of Media 
SPS 
T 
SPS 
. TSA 
SPS 
3HI-Q 
SPS 
B H I N  
SPS 
TSA-rl: 
SPS 
RCM . 
Total amber 
of Trials 
12 
82 
44 
34 
36 
54 
Total Number of Plates 
w i t h  C1. I perfringens 
9 
9 
28 
5 
32 
39 
7 
21 
34 
16 
26. 
47 
Colony-count Ratio, 
Candidate Agar/SPS Agar 
0.25 
0.03 
1.49 
5.10 
0.14 
4.80 
than that obtained with SPS agar. Better results were obtained with 
the reinforced c l o s t r i d i a l  agar (RCM) than with any of the other 
media . 
However, shedding of E. perfringens would have t o  be excessive 
i n  order t o  demonstrate the organism i n  the ambient atmosphere of a 
carrier, even w i t h  RCM agar. None of the media yielded resu l t s  satis- 
factory fo r  quantitating shed par t ic les  t o  determine shedding rates  of 
- C1. perfringens f k o m  humans. 
on plates  exposed t o  aerosols of high concentrations of airborne 
- C1. perfringens. 
Only a small number of colonies developed 
Although i n  some tr ials the calculated count of 
airborne organisms was 10 4 t o  10 5 organisms per cubic foot  of air ,  
a large number of plates  exposed to ei ther  four or eight cubic f ee t  
of air were negative fo r  growth. It i s  unlkkely tha t  no organisms 
were recovered by TDL samplers from clouds with such high concentrations 
of organisms. The fa i lure  of airborne - C1. perfringens par t ic les  to 
develop in to  colonies on the various media may have been due e i ther  
t o  destruction of the organisms during nebulization or f a i lu re  of the 
media t o  provide optimal conditions fo r  growth. 
In addition, the resu l t s  of recovery and growth on the various 
media were unsatisfactory due t o  wide variations observed between 
tr ials and lack of reproducible results. 
generating clouds of C1. - ,  perfringens,-sampling of air ,  and anaerobic 
Although procedures for 
# 
culture methods were uniform throughout, excessive variations i n  colonial 
growth were observed between samples taken from the same clouds as w e l l  
as for samples co 
T 
in aerosol concentrations. There were no variations in 
procedures during the study. 
with either dynamic or static conditions in the aerosol chamber. 
Consistent results were not observed 
Laboratory evaluation of procedures employing a membrane-filter matrix 
to collect environmental bacteria from the air (Eleventh Summary Report 
of Progress) has been concluded. Long-term collection on this filter 
material and selected particulate-recovery procedures were compared with 
slit sampling of air using-Reyniers samplers.' One-hour samples were 
collected on Tryptic Soy Agar for five consecutive hours with the 
Reyniers samplers. 
folds to which six sterile filter holders were attached. The filter 
Simultaneous air samples were dram through mni- 
holders were fitted with filters with 0.8 micron pore size. 
The membrane-filter and Reyniers samples were collected at sites 
adjacent to each other in all instances. The area sampled was a covered, . 
outdoor service area behind NCDC Headquarters, Atlanta. Both sampling 
devices were operated at the rate of 1 cfm. FoLlowing sampling, filters 
on. Some Reyniers and membrane- 
ours under aerobic 
in C 
i 
atmosphere of 10% C02 (Coleman grade) and 90% prepurified nitrogen 
for anaerobes. Following incubation, f i l t e r s  were stained with 
Ponceau S dye t o  d i f fe ren t ia te  a r t i f a c t s  from bac ter ia l  growth, The 
microbial colonies were counted on the surface of f i l ters  w i t h  the 
a id  of a binocular dissecting Microscope. 
exposed i n  the Reyniers air sampler were counted with the a id  of an 
electronic colony counter. 
i n  Table 2, 
The colonies on plates  
Results of comparative sampling are  shown 
Table 2 
Comparative Recovery of Viable Particulates with Reyniers and 
Membrane-Filter A i r  Samples 
Sampling Part iculate  
Device Classification 
Reyniers Aerobes 
Reyniers .Molds 
Reyniers Anaerobes 
F i l t e r  Aerobes 
F i l t e r  Molds 
F i l t e r  Anaerobes 
Trials  
5 
2 
2 
5 
2 
dk 
Y UI- “*“&I 
of Trials i n  cu. f t .  
1500 
600 
600 
1500 
600 
-K 
I Total >ar t iculate  Count 
2339 
56 
288 
1199 
144 
46 
*Note: Method not appropria-be fo r  numerical comparisons. 
These data suggest that the nlllTibers of both the aerobic and anaerobic 
par t iculates  are diminished by approximately one-half on the dry membrane- 
f i l ter  rnatrix.during the prolonged sampling procedure. 
differences were noted as t o  types of surviving microorganisms associated 
w i t h  either method of sampling. 
No apparent 
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Personnel of the Spacecraft Bioassay Laboratory a t  Cape Kennedy, 
a t  Phoenix, Arizona, and both of the Phoenix Laboratory of the Ecological 
Investigations Program, %KXlC, have cooperated with the Microbiological 
Control Section i n  obtaining membrane-filter samples (see above) of the 
n a t m a l  microbiological components of sir a t  t h e i r  respective locations. 
To date, each cooperating laboratory has returned t w o  l o t s  of samples 
each representing a t o t a l  of 5520 cubic f e e t  of air sampled and 92 howls 
of air  sampling. A representative number of exposed f i l t e r s  were assayed 
t o  es tabl ish approximate nunibers of viable par t iculates  on the surface - . = . -  - - 
of the membrane-filter matrix by the method described above fo r  aerobes, 
and the remaining f i l t e r s  were subjected t o  ethylene-oxide s t e r i l i za t ion  
procedures. Approximately lo3. t o  lo2 particulates containing viable 
aerobes were found on the f i l t e r s  assayed but not exiosed to gaseous 
EtO. A l l  environmentally contaminated f i l t e r s  subjected t o  gaseous 
E t 0  were exposed t o  gas concentrations of 1000 mg/L for  18 hours a t  
120 F, following prehumidification a t  50% RII fo r  one hour. F i l t e r s  
exposed t o  ethylene oxide have been cultured aerobically i n  10% CO a t  
37 C and exarnined for  growth following 1 4  and 28 days of incubation. 
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No surviving microorganisms were observed i n  these i n i t i a l  t r i a l s .  
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